CONTEXT AND OBJECTIVE: Anorectal malformations comprise a spectrum of anomalies that continue to be difficult to treat, even today. The aim was to evaluate the fecal continence of children who underwent posterior sagittal anorectoplasty due to anorectal malformations, via computerized anorectal manometry and profilometry.
INTRODUCTION
Posterior sagittal anorectoplasty, which was proposed by Alberto Peña and Pieter de Vries in 1982, 1 revolutionized the surgical treatment of anorectal anomalies. This technique provided better understanding of the anatomical relationships between the structures involved in such malformations. Nonetheless, anorectal anomalies continue to be difficult to treat, even today.
OBJECTIVE
The aim of this study was to evaluate patients with anorectal anomalies who underwent surgery using the technique of posterior sagittal anorectoplasty, from the point of view of fecal continence and pressure profile, using computerized anorectal manometry with continuous perfusion and profilometry. These patients were studied prospectively from the clinical point of view, and by means of computerized anorectal manometry using the perfusion method and profilometry, with regard to their capacity for fecal continence.
Surgical procedures
All the patients had initially undergone temporary colostomy in the descending colon with two openings (proximal and distal), 24 hours after their birth. Posterior sagittal anorectoplasty was performed subsequently, at a mean of four months of life. This procedure comprised a sagittal incision between the coccyx and perineum that extended to the parasagittal fibers of the external sphincter muscle of the anus and the sphincter muscle complex. Then full dissection was done using a electrical muscle stimulator to identify the different parts of the muscular sphincter complex.
The rectal pouch was identified and mobilized. It was then dissected, opened and enveloped within muscle tissue of the sphincter muscle complex. Following this, the anorectoplasty was completed.
Anal dilatation procedures were begun two weeks after the anorectoplasty, and lasted for up to eight weeks. They were continued until adequate canal caliber was achieved (14 mm), when the colostomy could be closed and the intestinal lumen reconstructed.
Postoperative evaluation
Six months after the reconstruction of the intestinal transit, the patients were evaluated clinically and by means of anorectal manometry and profilometry.
A. Evaluation of fecal continence
The patients were divided into three groups: • Continent: patients who evacuated once or twice a day, with feces of normal appearance and consistency, without episodes of escape and without staining their underwear. Rectal examination showed good contractility of the sphincter muscle complex; • Partially continent: individuals who evacuated three to five time a day, with feces of pasty consistency and episodes of escapes, and frequent soiling of underwear. The anus had a regular appearance upon inspection, often with small areas of prolapsed mucosa of dirty appearance. Rectal examination showed regular contractions were produced from the tracings relating to the pressure curve (profilometry), to establish indices for total asymmetry, anorectal canal segment asymmetry and rectal volume (cm x cmHg 2 ). The catheter was connected to a fourchannel pressure receptor, with a pneumatic CO 2 system that kept the infusion pressure at one atmosphere (atm), with continuous flow of distilled water at the rate of 0.56 milliliters/minute (ml/min). 2, 3 The pressure data obtained were amplified, and the results were recorded and analyzed with the aid of the Proctomaster software (Dynamed; Dynapack MPX 850), with pressures presented in millimeters of mercury (mmHg).
After identifying the region of greatest pressure, the catheter was reintroduced in such a way as to position the perfusion orifices within this segment of greatest pressure, to make recordings, and was then fixed there.
From the tracings acquired in building up pressure curves from the four perfusion channels, obtaining pressure readings from the four quadrants, the computer program generated three-dimensional tracings of the anorectal canal. This made it possible to study the total and segmental asymmetry indices for this canal, the rectal volume (cm x cmHg 2 ), and also the pressure distribution on the anorectal wall. The latter was translated via the program into a sequence of colors corresponding to pressures, on a previously established scale (green: < 20 mmHg; blue: 20-50 mmHg; yellow: 50-80 mmHg; red: > 80 mmHg) (Figure 1 ).
For the quantitative variables, means and medians were utilized to summarize the information, and standard deviations, minimums and maximums to indicate the variability of the data. Absolute (n) and relative frequencies (%) were presented for the non-parametric data, and also the following statistical tests: chi-squared, analysis of variance (ANOVA), Tukey, nonparametric Kruskal-Wallis, non-parametric Mann-Whitney and Student's t.
For all of these, the significance level adopted was 5%. Thus, associations or statistical differences between groups were considered valid when the results from the tests presented values less than 0.05 (p-value less than or equal to 0.05).
RESULTS
The numbers of patients in the three categories of fecal continence (continent, partially continent and incontinent) were similar, as shown in Table 1 . There was predominance of high anorectal anomalies among the incontinent patients, and this is shown in Table 2 . The means, medians and standard deviations of quantitative variables for all 82 patients are presented in Table 3 .
The patient distribution was analyzed in relation to sex, presence or absence of rectosphincteric reflex, the behavior of the pressure curves with regard to shapes and pressure levels, and profilometry mapping, for the continent, partially continent and incontinent groups of patients. The results from this are presented in Table 4 .
The distribution by age groups, mean resting pressure, voluntary contraction pressure, anal canal length, total and segmental anorectal canal asymmetry indices and rectal volume was evaluated separately for the continent, partially continent and incontinent groups of patients. These results are presented in Table 5 .
It was observed that there were differences between the groups with regard to the variables of age, resting pressure and voluntary contraction pressure. To identify which groups presented differences between each other, multiple comparisons were performed, as shown in Table 6 .
It was observed from the results above that there were differences in age between the continent and incontinent patients, such that the incontinent patients on average presented greater ages. It was also seen that there were differences in resting pressure between all the only in the upper and lower portions of the sphincter muscle complex; • Fecally incontinent: patients who evacuated more than five times a day, with feces of liquid consistency and constant total fecal loss. The anus had an abnormal appearance, either with a pronounced opening or with significant prolapsed mucosa, with feces visibly leaking out. Rectal examination showed weak contractions, or their absence, in all segments of the sphincter muscle complex.
B. Evaluation by means of computerized anorectal manometry using the perfusion technique A flexible catheter of four millimeters (mm) in diameter was utilized, with four radially-arranged orifices and a lumen to enable inflation of a latex balloon with a maximum capacity of 200 milliliters (ml), at its tip. The following variables were evaluated during the examination: resting pressure (RP), length of the anal canal, sphincter pressure response to coughing (CP), pressure response to voluntary contraction (VCP), maximum pressure obtained on the pressure curve (MP), pressure response during perianal stimulation (PAS), pressure curve analysis and rectosphincteric reflex (RSR). Three-dimensional graphics of the anorectal canal Various researchers [7] [8] [9] [10] [11] [12] [13] [14] have done electrophysiological anorectal evaluations by means of anorectal manometry. This has specific applications in cases of intestinal constipation; fecal incontinence; post-traumatic, postoperative and infectious sequelae of the anorectal region; and, especially, in postoperative evaluation of anorectal malformations.
We had overall predominance of male individuals (56.1%) among our patients. However, when they were divided into the three specific groups of continent, partially continent and incontinent patients, the majority of the continent individuals were female (61.3%; p = 0.011).
The median age allowed us to make a reliable assessment of the degree of continence, in relation to when continence is physiologically acquired. In general, this is at preschool age, even though some authors 15, 16 have believed otherwise and have published studies on anorectal anomalies using anorectal manometry among premature and low birth weight children, while obviously making allowances for their physiological characteristics and the absence of systemic manifestations that would interfere in the results. We found continence in 37.8% of the cases in our sample, partial continence in 25.6% and incontinence in 36.6%. We have attributed an important role to the resting pressure, in the process of acquiring continence, although we are aware that, especially in cases of high anorectal anomalies, this variable is related to the presence of a striated muscle complex, particularly the external anal sphincter muscle. [17] [18] [19] Muscle activity was studied in our sample by means of the behavior of the pressure curves, which were found to present normal shapes and pressure intensity levels in a little under half of the cases: 45.1% and 40.2%, respectively. When these results were compared with the capacity for continence among the 82 children evaluated, we observed that the sum of the percentages of continent and partially continent patients (63.4%) practically coincided with the sum of the percentages of curves with normal and high pressure intensity levels (67%). This association could also be seen between the incontinent individuals (36.6%) and the percentage of curves with a pressure intensity level of low power (32.95%).
These graphical representations made it possible to identify the patients with amputated curves, thus revealing a compromised external anal sphincter muscle. Likewise, large amplitude curves represented postoperative scar stenosis, and tracings with rectified ascending curves denoted irregularities of the puborectal bundle of the levator ani muscle, among others.
Curves of low-power pressure intensity were related to patients with low capacity for sphincteric contractions, and these were thus children with low potential for continence.
Low-amplitude curves with low pressure intensity levels led us to anorectal anomalies of greater therapeutic complexity, with deficient or even non-existent striated sphincteric musculature, or to a reconstruction with inadequate localization of the neo-anus during the posterior sagittal anorectoplasty. This pressure curve pattern was found in 9.7% of the continent patients, 33.3% of the partially continent and 56.7% of the incontinent patients.
There were curves of high pressure intensity level in 13.3% of the patients in the incontinent group. In fact, there were patients who frequently soiled their underwear with feces. They presented absence of effective evacuations that was probably due to postoperative scar stenosis, with or without associated inefficiency in anal dilatation sections. We found high-amplitude curves with high pressure levels for these children, and large rectal volumes. These children could be considered to have pseudo-incontinence, which would probably present therapeutic possibilities.
The mean resting pressure observed was 22.9 mmHg and the mean voluntary contraction pressure was 56 mmHg. These values, despite being within the normal limits in relation to those presented in manometric studies, were always close to the lower limit. The mean for the voluntary contraction pressure was practically twice the resting pressure, which is generally expected when continence capacity is investigated.
Measurement of the pressure in the anal canal has been a useful and commonly used way of assessing sphincter function and providing valuable information. [20] [21] [22] [23] [24] Our analysis of the mean resting pressure showed that the greatest pressure levels were among the continent patients (30.7 mmHg), in relation to the partially continent (23 mmHg) and incontinent patients (14.7 mmHg), and these pressure differences were very representative from a statistical point of view (p = 0.001).
In a general manner, these mean resting pressures were low in the three groups evaluated, and similar values have been found by other authors. 25 It is our understanding that the threshold levels for resting pressure among patients with high and intermediate anorectal anomalies are a reflection of the abnormalities in their anatomical development. Likewise, lesions of the neuromuscular structures essential for fecal continence that occur during surgical correction may interfere in the short and long-term prognosis.
However, we found that threshold pressure values could provide states of full continence, partial continence or incontinence, without interference from other elements in this process, for example fecal consistency.
There was a tendency towards linear growth when we correlated resting pressures and voluntary contraction pressures, which makes us believe even more in the active participation of the external anal sphincter in maintaining the resting pressure among patients treated for high and intermediate anorectal anomalies.
In studying the behavior of the pressure response to voluntary contraction, which is generated primarily by the external sphincter muscles of the anus and the levator ani muscle, with major participation by its puborectal sling, 26 we found higher values among the continent patients (65.4 mmHg) than among the partially continent (55.8 mmHg) and incontinent patients (46.6 mmHg), with p < 0.0001. This statistical significance between the continent and incontinent groups of patients was large. The partially continent individuals presented mean voluntary contraction pressures that were very close to those of the continent patients, which makes us optimistic about their prognoses, with the application of appropriate exercises to improve their fecal continence.
Reflex relaxation of the internal sphincter muscle of the anus induced by rectal distension is associated with suppression of the electrical oscillations in this sphincter. [27] [28] [29] Rectosphincteric reflex was found in 17.1% of the 82 patients examined. When the patient groups were analyzed separately, we observed that rectosphincteric reflex was detected in 35.5% of the continent children, 4.8% of the partially continent and 6.7% of the incontinent children, i.e. with very distinct distribution between these groups.
The presence of rectosphincteric reflex was attributed to the fact that we had patients with anorectal anomalies of intermediate type in our sample. The internal anal sphincter may be present in such patients. The presence of rectosphincteric reflex in patients with high anorectal anomalies may be a reactional response by the external sphincter muscle to favor the passage of feces, most probably in a conscious manner. In some other cases, it may be an artifact of the examination. Thus, it remains unclear whether or not rectosphincteric reflex is the best indicator for anorectal function following surgery to correct anorectal anomalies. 30 The lengths of the anal canal in the continent, partially continent and incontinent groups of patients presented a small range of means, from 2.4 to 2.5 centimeters. According to the results presented, the participation of the length of the functional anal canal in the capacity for fecal continence among patients with high and intermediate anorectal anomalies following posterior sagittal anorectoplasty did not show statistical significance between the groups evaluated. Some researchers have attributed to the length of the functional anal canal an active participation in maintaining continence, either separately or in association with other anatomical elements. 31, 32 We believe that computerized profilometry is one of the major innovatory contributions towards patient care following posterior sagittal anorectoplasty. It is capable of providing reliable information regarding the three-dimensional topography of the anorectal canal, and also regarding the distribution of the pressures involved in the process of acquiring anorectal fecal continence, thus greatly assisting in the clinical conduct administered to such patients. [33] [34] [35] [36] In evaluating the 82 patients in the sample presented, we found predominance of the colors blue and yellow (74.4%), which represents a predominance of 20-50 mmHg and 50-80 mmHg. These mathematical values represented pressures of between 20 and 80 mmHg that were observed at the anorectal walls. The highest pressure levels were correlated with the anal canal. This percentage was greater than the sum of the percentages of continent and partially continent patients (63.4%). In other words, the graphical presentations showed better results than did the clinical behavior, which demonstrates potential for improving the state of continence, if appropriate training for this purpose is begun. Another element to be highlighted is the possibility for change in this color pattern, especially among the partially continent patients, who might start to present the pattern for continent patients after undergoing training through an appropriate exercise program.
The means for total and segmental anorectal asymmetry were similar between the three groups of patients (continent, partially continent and incontinent). These values were close to those considered normal in the literature. These data show us that the surgery was well executed from a technical point of view, although it is evident that, in addition to well-performed surgery, other factors are also involved in the state of continence following posterior sagittal anorectoplasty, such as the anatomy of the malformation.
We found a mean rectal volume of 280 cm x cmHg 2 . For the continent, partially continent and incontinent groups of patients, the mean values found were 279.4, 349.2 and 167.1 cm x cmHg 2 , respectively. The differences were statistically significant (p = 0.023), with the biggest difference between the continent and incontinent patients.
In our sample, the partially continent patients presented greater rectal volumes than did the other groups. This pattern portrays mixed behavior, with characteristics of the two end groups (continent and incontinent). On the other hand, patients with large rectal volumes, abnormal pressure curves of high intensity and large amplitudes, led us to a diagnosis of hypertonic sphincter, with fecal retention and fecal escapes at inappropriate moments, thus characterizing a condition of pseudo-incontinence. [37] [38] [39] [40] Posterior sagittal anorectoplasty has been shown to be an excellent technique for treating anorectal anomalies, and good results without greatly compromised neuromuscular structures have been achieved. Nonetheless, many patients may continue to present functional problems following surgery, reflected through varying degrees of fecal escape and constipation. [41] [42] [43] [44] [45] CONCLUSIONS Computerized anorectal manometry and profilometry are very useful methods for physiologically evaluating the anorectal region of children who have undergone surgery to correct anorectal anomalies. They are also very useful for postoperative follow-up and therapeutic planning, with objective and efficacious criteria.
